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SY? BOLS 


Fuel-air ratio M, /K,.. 


น อ แว 9 อ 1 อ ก 05 weight In pounds applied to 
cynamometer torque arn. 


Engine stroke, inches. 

Brake load torque arm iength, inches. 
Mean effective pressure, pai. 

Indieated meen effective pressure, pei. 
crake mean effective pressure, pei. 
Air consumption, lb/min. 

Corrected air consumption, Lb/min. 

Fuel consumption, lb/min. 

evolutions pêr minute. 

Ambient air pressure, in. hg or mu. Ag. 
Orifice inlet air pressure, in. hg. 


Orifiee inlet air pressure difference, 
P - P, ih. hg. 


Orifice pressure drop, in. water. 
inlet manifold pressure, in. hs. 
Corrected inlet menifolé pressure, іп. he. 


Inlet manifold pressure manometer ¢iffer- 
епге, F, — P, in. һа. 


Inlet oil pressure, pel. 


ixbeust pressure minometer difference, 
F > Р > in. hg. 


Micrometer vernier reading of cylinder 
height, inches. 
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Potqmeter resding of fuel flow rote, units. 
Brake load manometer reading, in. hg. 
Engine revolutions per minute. 

Spark advances, degrees. 

Ambient sir temperature, Г. 

Orifice inlet temperature, R, 

Jacket cooling water temperature, F. 
Fuel-air mixture inlet temperature, F. 
011 inlet temperature, P. 

Fuel inlet temperature, F. 

Engine displacement, cu. in. 

Heavy spring, 200 1b/ix. 
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VESTIGATION GF DETONATION CHARACTERISTICS 
OF VARIOUS FUELS 


SUM AY 

In this investigation, the detonation eharacteristics 
of four fuels were ceterminec in terms of curves of iso-det 
lines of indicated mean effective pressure against compres- 
sion ratio anê inlet menifold pressure against sompression 
ratio to show the effect of the detonation characteristics 
of the fuels on engine performance. The four fuels selected, 
iso-octane, @i-lsobutylene, triptene, and ethyl benzene, 
were chosen to best cover the present reference fuele and 
pesaible future fuels to be used in high performance aircraft. 

1% WUS necessary to limit the scope of the investigation 
by keeping the following engine operating variables constant: 
engine HFM, fuel-air ratio, inlet fuel-ailr mixture temperature, 
jacket eooling water tempersture, and exhaust baek pressure. 
The fuel-alr ratio selected for eich fuel was at the best 
power of that fuel. It should be noted that varying the above 
constants will have a marked effect on the detonation okar- 
ecteristics of the fuels. 

The results of thie investigation indicated the following 
conclusions: 

1. All four fuele teng to detonate more as: (a) the 

inlet menifold pressure is inereased; (b) the in- 
dicated mean effeetive oressure is inoreesed; and 


(е) the compression ratio 1s inorensed. 
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3. 


l. 


Iso-oectane is the most sensitive to changes in 
inlet manifold pressure, indicaáted mean effec- 


tive pressure and compression ratio. 


Triptsne, di-1sobutylene, and ethyl benzene have 
approximetely the same sensitivity te changes in 
inlet manifold pressure, indicated mean effective 


pressure, and compression ratio. 

Triptene is superior to the other three fuels in 
anti-datonation characteristics. 

Triptano, di-isobutylene, anë ethyl benzene show 
û marked family simllarity in tholr detonation 


charaeteristios. 


This investigation was performed at the Sloan Auto- 


motive Laboratory, Massachusetts Institute of Technology, 


during the months of March, April, and Mey 1946, by Lieut- 


Gomir. Neil F. Harkleroad, U.S.N., and Lleut-2omür. Гаи] 


б. 0111, 0.5.5. 
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INTROPOCTION 


The fact that detonation, or knesking, various fuels 
in e gasoline engine is a function of more than а dozen 
operating Variables hes ceused greet cifficulties in detona- 
tion research in the lack of an absolute basis of comparison 
of date obtains in the many Bethoüs used in testing and 
rating of fuele and engines. Many investigations of the 
Getonetion characteristios of various fuels have been made 
in the past with the intention of showing the effeots of some 
particular variable or variables. However, ao one investiga- 
tion shows a comprehensive picture of datonation charaster- 
181108 of the fuels covered by this report in terms of the 
overall engine variables and performance, indicateé mean 
effective pressure, inlet manifold pre&sure, and compression 
ratio. Considerable difficulties are enconatereá in any at- 
tempt to correlate the data of past investigations, alia to 
the mumerous variables, to obtain such o picture. It ip the 
purpose cf thie investigation to establish the detonatloa 
characteristics of four fuels ir terms of iso-det lines of 
indicated usan effective pressure egsínst conproseion tio, 
anc inlet menifeld pretsure against compression ratio in order 
to show easily the effect of the ¢etonetion ohereoteristios of 
the four fuels tected on saxisum engine performance. 
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The selection of the four fuels was made to best cover 
the present reference fusls end the possible future fuels to 
be used in high performenoe niroraft. The selection was 
limited in the number of such fuels avaliable. Iso-octane, 
an ise-pereffin and the present basic staendari reference | 
fuel, ves selected to furnish e besis for comparison of the 
results. The other fuels welected ware as follows: ๕ 1-180 
butylene to show the charucteristios ef a lower grade olefin; 
triptune bo represent the characteristics cf a higher grede 
paraffin; and ethyl benzene to represent the characteriatices 
of а praepeetive new fuel of the eroratic series. 

it was neconsary to limit the scope of the investigation 
by keeping the following engine operating variables constant: 
engine R.P.X., fuel-air retio, iniet fuel-alr mixture tempera- 
ture, jacket eooiing water temperature, snd exhaust beck pres~ 
sure. The fuel-ailr ratio selected for езер fuel was the best 
power ratio, It should be noted that varying any of the above 
constants wili have a merked effect on the Cetcnation eharacter- 
ieties of the fuels. Although in this investigation no attempt 
was made to show the effect of the varfebles kept constant, 
the results to be ebteineé may indicate what the futura engine 
designer can expect in engine performance by changing either 
the compression ratio, the fuel, or both. 

The constant conditions were esxtebliahe4 by consideration 


of the present and огораһ16 future standards of fuel und engine 
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rating tests. It is intended that the procedure methods ent 
appuratus usec in the investigation be readily adaptable to 
present available laboratory evuipment und to future investi- 
gations of other potentially useful fuels with the poselbility 
of showing a siaple method cf luaproving the present elroraft 
engine performance. 

The inveatigetion was performed at the Closn sutomotive 
laboratory, Nassuskhusetts Institute of Technology, during the 
wonths of Mareh, April, and May, 1946, by Lt. Comir. Nell К. 
Mearkleroaé, USN, and Lt. Comér. Paul W. Gill, URN. AcknowlLeég~ 
ment is made to Professor C. Y. Teyior end Professor Y. А. 


Leary for their help and guldmaee in the Investigation. 


DESCRIPTION ОР STENTS 
A general overall description of the setup and apparatus 
18 shown in Figs. 1 ané 2. 


FUELS 
This investistion wes conducted with the following fuels: 
jeo-octane, di-iscbutylene, triptane, on? ethyl benzene. The 
iso-octane wes а @tanderd Reference Tuel F, batch Mo. 6, E 
specification with octene Xo. 99.8; and 1t was obtained fran 
Shell Oli Company. The di~isobutyione was obtained from tanve 
Distributore, Inc., under designation of "Reference 71016 58-10." 


index refrecticn teéte inéicented thet this fludd consisted of 
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$0 percent 2-4-4 tri-methyl pentane -1 end 20 persent 2-4-4, 
tri-methy] pentane -2. The triptane, 2-2-3 tri-metiyl butane, 
was obtained through the courtesy of the Geners? Motors Labo- 
ratory. The ethyl benzere wee obteineó from the lor Chemical 
Cempeny. 


ЕНСІН» 

The emgine was a C.P.R., high spees, single cylinder, 
weter cooled, verieble-compreesion ratio engine ef 3.25 {пен 
bore and 4.5 ineh stroke. The engine wee equipped with an 
eluminum platen and sodium secled cxhaust valve. To preveat 
variation in epark advanee, и special breaker mechanism was 
directly coupled to crank shaft. This meehaniom is desorl bad 
ір Ref. l. The spark plugs used were .G., 157 and Auto~-Lite 
2-3. 


FUEL SETEN 

The fuel system is shown in s schematic diagram, Pig. 3. 
The fuel wan taken from the fuel tank, through a smell elet- 
trically driven pump to a bubble tepsrator and saree tank, amd 
from surge tank throregh roteseter and then through to eanually 
eomtrolled needle valves to the vaporisetion tank. The fuel 
flow was measured by a Fisher and Porter rotametor which hed 
been previously calibrated by Professor 4. 4. Leary. The cail- 
bration charte were checked before the runs were eterted. 
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The fuel system surge tank wan found necessary when oper- 
ating the engine in order te maintein a uniform end eontrollable 
flow rate,and to sepurete say bubbles in the fuel. The first 
surge tank of luelte was eatiacked by ethyl benzene and bad te 
be replaced by 2 brass tank with boller type sight gage. The 
— pressure was maintained et about 90 inches of meroury. 


ALR SYSTEM 

The air system with gages and thermometers is shown in a 
schematic diagram, Fig. 3. The air could be taken in through 
ай atmoapheric duct or through & leboratory supercharger line 
with the atmospheric valve being uset as a bloed valve, The 
supercharged air ғаз supplied by a Nash blower giving saturated 
air at 65 degrees Fahrenheit. The sir wan metered through a 
flat plate orifice with a flange tap and a .515 inch orifice 
constructed according to ASME specifications. The air passed 
from the orifice through a surge tank, through & throttle valve, 
to tho vaporization tank. 


VAPORIZATION TANK 
The vaporization tank and connections la shown in s 
echemitioc diagram, Figs. 1 and 3. The fuel and air were mixed 
ang mixture vaperizec in the tank. The temperature of the 
fuel-air mixture, which was held constent at 175 Óegreeg F&hren- 
heit, was controlled ty the cireulation of ethyl glycol through 
heating ©0118. The temperature of the ethyl] giyeol was regulates 
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бу eleetric heating eclia ant stesm eironlation in а heating 
tank aad by means ct añ improvized gas stove. “ns circulation 
€f ethyl glycol was obtained by means of a ameil centrifugsl 
pump. 

A Pipe leading from the vaporization tank te the safety 
valve containec a Y connection with eonnectine lines to opea 
manomoters for the saencurenment of the inteke manifold presemre 
te the engine hereafter called (Py) алд when corrected for lenk- 
age error, (Pza). (See Appendix "C") 


ОП, SYı Tau AND JACKET LATTA SY OTM 

The cil system and jasket circulating weter system are 
shown in s schemetío diagres, lig. & The laockot water teme 
pers dure wes held sonstant at 206 ¿egrees Fuhrenhoit. The 
temperature was eontrolled by the circulation of water through 
a cooler between the condenser an¢ the jecket. The oil wm- 
perature was held between 125 aná 130 degrees Fehrenheit "y 
means of circulatiag steam er ceoling water through the two 
heat exchangers. 


03۱۶۳ 08 ۰-5 
The engine power output was abeorbeú by a Star electric 
cradle dynemometer. The brake torque wae balanced by а hp- 
áraullo piston tirougó ^ lever arm. The oil pres*"are on the 
piston was ammarsd in ikeheas of mercury оп а Subometer. This 
hyüraulio system was во designed that one inch of nereury 
equaled one pound forve aching ca hydraulis pisten. To extend 
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the manometer scale for high power, a counterweight was used 
to reduce the brake toraue at the hydraulic eylinder. This 
manometer reading was then converted to pounds per square inch, 
brake mean effective pressure. 

The dynamometer had a standard tachometer attached for 
rough determination of R.D.M. For fine indication of speed 
a atrobotee was used to determine R.P.E. This consisted of 
a strobotae-lamp which {illuminated 36 stripes painted on the 
engine flywheel. 

The detonation pickup unit wes а Draper flat diaphragn 
type having a naturel frequeney of about 95,020 cycles, de- 
seribed in Ref. 2. The output from this pickup was enelyzed 
and projected on the screen of a cathode rey oscilioscope as 
a curve of relative rate of ehense of cylinder pressures 
against time. The oscilloscope was mede by Allen B. DuNonó 
Laboratories, Inc., model 208. When the condition of incipient 
detonation wes reached this pressure curve showed & "pip" of 
high rete of chenge of pressure and high frequency about one 
third of the distance down the hump of the curve. Increase in 
intensity ef detonation inereased the height and width of this. 
"pip". “his indieation proved aecurate and easy to duplicate. 
The method is deseribed in detail in Ref. 3. 

The compression ratio wee varied in the usual C.F.R. en- 
gine manner by raising or lowering the cylinder. The relative 
heights of the cylinder were measured by a micrometer built 
into the engine. A previous work had calibrated this mierometer 
egainst eompresaion ratio by actually measuring the elearance 
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volume with water, 

An B.I.T. balansel pressure indicator, doseribed in 
Ref. L and 5, was used for obtaining Reavy apringe pressure- 
crank angle diagrams in conjunetion with M.I.T. dlaphrags 
pressure unit. A thin diaphragm, .0015 inches, wes used in 
the diaphragm pickup. The heavy spring, 200 pounds per 
square inch, presstre-crank angle Ciapress were converted 


inte pressure volume inéieator diagrams. 


The determination of en iso-det line of incipient de- 
tomation Гог а fuel vas mace by using the manifoló pressure 
as the dependent Variable end varying the compression ratio 
until incipient detonation ooeurred. At that condition, the 
indicated mean effective pressure gould te calculated aná 
the iso-óet point established. TO eliminate the effect or 
the other Operating conditions, ell the tests were nade with 
the following quantities constant within the tolerances shown: 


1. Revolutions per minute 1200 R.P.E, 
2. Piston speed 900 ft./min. 
3. Hixture tempereture 175 : 1i? ү, 
+ Faeket oGoling water temperature 206 : 19 p. 
5. Spark advance 30 degrees 

6, Inlet o11 temperature 1279 Í 6° F. 


7. Inlet 011 pressure 46 : 4 1b./in.* 
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8, Incipient detenet ion 
9. Fuel air ratio at best rower 


Fuel - Fuel Air Ratio © Chemically Correct 
Iso-ostane ‚0785 + .0003 115 
Triptane ‚0779 $ | 0002 116 
Di-isobutylene .0815 + .0002 120 
Ethyl benzene  .0883 * .0002 120 


The eugino exhaust whs ¿dlechargeó to the ateosphere tirough 
an exhaust surge tank. The supereharger «ir humidity was satur- 
ated at 659 Ff. — 

The choice of the above listed constants was made after 
discussions with reofespor С. Г. Taylor and Professor W. а. 
Leery, basas on previous experimental work with the fuels weed 
in thia іпуесбірибісп aré upon the eonditions found during the 
familiarization runs. 

Familierizetion runs were sondneted to ehenr the engine, 
accessories, ano calibration curves, to determine the optimum 
operating conditions for the зпоте listed constente, and ae a 
general check on operetinw precedure and teehnique. 

The procedure and “wantities held censtant, exeert for 
. variation in the fuel sir ratios to obtain best power for each 
fuel, were the sume for the four fuels tested. Tbe inlet wani- 
fold pressure in isocheg of mercury wes varied from approxi- 
mately 20 to 70 inehes, witb five points of insipient $etonetles 
determined for each fuel. 
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After the engine was started each day and before recorded 
rune were made, the engine was warmed up for one hour to stebi- 
lige ail operating quantities and te ellow the engine to reach 
thermal equilibrium. When a new reeordeé run of different 
manifold pressure waa made, a period of one half an hour was 
allowed for all operating quantities to reach a steady state. 

The general procedure used for each recorded run wap to 
first make an appreximetion of the rate of fuel flow and rota- 
meter setting calculated from the expected air consumption at 
the inlet manifold pressure to be tested, end from the fuel- 
air ratio of the fuel being tested. The inlet manifeld and 
approximate rotemeter setting were set to the desired quantity. 
The compression ratio was varied їо give &s near as possible 
incipient detonation; and a stendy state established for all 
operating quantities. The sir consumption, Xe, was then com- 
puted from the orifice measurements and any refinement necessary 
made in the rotameter setting. The compreseion ratio was varie 
through a very smell range to obtain the most acourate point of 
incipient detonation. Readings were made on all measuring irn- 
struments periodically and all operating quantities were kept 
stabilized. After u period of steady state cperstion at the 
Gesired fuel air ratio ané with tha engine in thermal ecuilibriun, 
the point of incipient detonation was found and 511 measuring 
instruments were renë enc recorded. 

Pressure-ornenk angle diagrams, shown in Firs. 5 aná 6, were 
made over the ranve of brake loads obtained іп the test runs 
with the 4.1.7. Mlenced-presrure diaphregm type indioater using 
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a heavy spring of 200 pouncs per square inch per inch and a 
Qiephragm type pickup. Ali operating variables were helê 
constant over a period of one-half hour before and during 
the making of the indicator cards. 

From the pressure-crank angle diagrams, heavy spring in- 
dicator diagrams of pressure volume were úrawa and indicated 
mean effective pressure calculate. A curve was drawn of 
brake mean effeetive pressure versus indicated mean effective 
pressure as Obtained from the indicator cards and the brake 
loads. From the curve, the indicated mean effective pressure 
of all the test runs was obtained by entering the curve with 
the brake mean effective pressure caiculated for the run end 


finding the eorresponding indicated mean effective pressure. 
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12 
RESULTS ANT LISCUESIÓN 

A composite recerd of the data sheets of the laboratory 
test runs 1 to 26 of the four fueis is shown in Table I. The 
Table contains the data from readings of the measuring in- 
struments, shown in Fig. 2, the results computed from the re- 
corded data, anê tte corrected results. The computed resulta 
inelude the following: air consumption, Ma; fuel-air ratio, 

F/A: brake mean effective pressure, bmep; and indicated mean 
effective pressure, imep. The methods used in celevlating the 
&ir consumption, шер, and imep, are shown in Appendix "E", 

The reasone for and method of calculating the corrected results, 
inlet manifold pressure, ЖТТ aná mass rate of flow of fuel- 
air mixture is shown in Appendix "С", 

The recorded anc computed deta obtained from the heavy 
spring indicator diagram runs, modified form of runs 24 to 28, 
ere shown in Table II. The modification to runs 24 to 28, for 
indicator data, consisted of the lowering of the compression 
ratio in order to operate the engine out of the incipient deton- 
etion region while the pressure-erank angle diagrams were being 
made. This changed the compression ratio, bmep, and imep. All 
other operating quantities were helé the same as tabulated in 
Table I for rune 24 to 28. The heavy spring pressure crank angle 
diagrams, as recorded by the M.I.T. Inäleetor, and resulting pres- 
sure volume diagrams, are shown in Figs. 5 eng 6. Fron the re- 
sults calculated from the diagrams and recorded data and tabulated 
in Table II, a curve of imep va. bmep was plotted as shown in 
Fig. 7. 
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Since the speed and engine operating quanti ties ware helê 
constent for all the runs at the same inlet manifold pressure, 
the friction mean effective pressure should be the same for all 
four fuels. Therefore, the imep, ns tabulated in column 21, 
Table i, Тег #11 the test runs was taken from Fig. 7, by enter- 
ing the curve with the bmep of the test run, column 20, Table I, 
ana reading the corresponcing imep. 

The computed and corrected results (refer to Appendix "C") 
of the test runs, l to 28, for all four fuels, are tabuleted in 
Table III. From the results as given in Table III, curves of 
compression ratio vs inlet manifolé pressure (P,.) for the four 
fuels were plotted as shown in Fig, 8, Each fuel produced an 
{so-det line (incipient detonation), which is the boundary 
between the detonetion and non-detonation regiona for that fusi. 
Amy opereting condition of the engine that felis above the iso- 
det line will be in the region cf detonation, The higher above 
the iso-det line the operetiíng point lies, the greoter will be 
the detonation. Sinee inlet máanifoló pressure is wot a direct 
measure of the power aveilable to the cyliañor, iso-det curves 
for each fuel were plotted for indieated mean effective pressure 
Ve compression ratio as shown in Fig. 9. he ip Tis. E, any 
Operating point above the iso-det curve of the fuel will be in 
a region of detonation. 

It 18 seen from Tiga. 8 and 9 that there is a slight air- 
ference in the curvature of each Jao-det and in the relationship 
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of each iso-cet line to the others. The reasons for the slight 
differences sre ая follows: опе, the relationship between in- 
let manifold pressure (P,.) und Imep is not linear; and two, 
the sompression ratios of the fwels ere not the same. Fith a 
given relationsnip between inlet manifold rregsure end air соп- 
sumption, this produces rariations La the relationship of air 
consumption to indicated memn effective pressure. ¿sb an example 
of the variation, a plot of air consumpticn ve iwep CAM ve IVEP) 
has been sede in Fig. 10 for two fuels, di-iso-mtylene (SR-10) 
and triptene. For the same alr coneumption the tests with trip- 
tene were run at higher compression ratios. This shows in Fig. 
lO, where for the sare гіт consumption, triptane hes a higher 
imep then di-iso-butyleme. 

From Pies. 8S aná 9, it is noted that with cther engine 
Operating quantities helé constant, a21 fonr fuels tend to 
detonate more as the imep increases, as the inlet manifold pres- 
sure increases, or es the eompression ratio increases. This 
follows previous experimental work and theory. 

Iso-octane is the most sensitive to change in inlet mnifold 
pressure. At very low inlet wanifeld pressures, or itep, iso- 
oetane clesely approaches the results obtained from triptune. 

Ag the imep is increased, iso-oetane becomes poorer in anti- 
detonation guality. The three other fuels, triptane, éi-ise- 
butylene, and ethyl benzene, havo approximately the game slopes 
in the curves, showing that e11 threes are chout ecual in sensi- 


tivity to changes in inlet manifold pressure and imep. 
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Triptens appears to be the superior fuel for anti-detona- 
tion cuelities und characteristics within the range of inlet 
manifold pressure «end indicated mean effective pressure at the 
speed of 1200 FIM, еп inlet mixture temperature of 175°T., end 
at the best power fuel-«ir ratio used in this investigation. 
Fthyl benzene closely approaches triptanée at high end leow iep, 
as doee iso-oetane at low velues,. However, іп the rango of com- 
pression ratios used in present alrcraft engines cf about 6.5, 
end asaaming the cetonation characteristios of the fuels are 
the same in a full seule aircraft engine, triptane, as compared 
te iso-octane, cun allow an increase in compression ratio at 7.5 
in a future engine at the same imep as iso-octane without deton- 
ation. Similarly, Гог в constant compression ratio of 6.5, a 
chance of fuel from iso-octane to triptene increases the allow- 
able iso-det imep from 164 to 226 psi., an incrense of 37.4 per- 
cent. The four ruels have indicated pewers (imep) at the com- 


pression ratio of 6.5 as follows: 


Fuel ішер Parcent 

в. Triptane 226 37 oly 

` b. Ethyl benzene 290% el. 
c. Iso-ootane 161 Q 

d. Pi-iso-butylene 130 -20.5 


This order of importence holds fer eompression ratios up te 
about 8.8. 
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These relationships of the four fuels ure effectively 
altered by rariation cf the engine operating conditions. that 
were held constant in this investigation. Reference 8 shows 
the effect of changes of encine speed and intake mixture tern- 
perature, and the sédition ef tetra-ethyl lead to the fuel on 
the detonation characteristics of the four fuels used in this 
investication. Whereas the engins speed was held constant at 
1200 R7 in thie investigation, Бег. 8 shows thet increasing 
the engine speed inoreages the eritical compression ratio of 
{so-cctane while the three other fuels show a decrease in eriti- 
eel compression ratie. This effect would place iso-cctane in a 
more favorable position ss compsred to the other fuels as the 
engine epeed is increxseé above 1200 RPM. Triptane and di-iso- 
butylene have about the same drop in oritice] compression ratic 
while ethyl benzene hee about twiee the drop of the other two 
for the same inerense in engine speed. 

The effect of tnerease in inlet mixture temperature was to 
decrease the critical compression ratio for all four fuels. 
However, iso-cetene was affected the least. Triptane anc di-iso- 
уау) епо showed e decrense of about four times that of iso- 
octane, and ethyl benzene showed about five times the minimum 
decrease. Again iso-ortane would improve relative to the other 
three fuels with ínereese in inlot temperature. 

he addition of tetrs-ethyl lead to theme fuels hed the 


effect of inereusine thelr oritical compression retíos, but to 
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different degrees. Iso-oetane showed the greatest increase in 
critical compression ratio whereas the cther three fuels showed 
a lesser increases, Ір «ll three cases cf change of engine 
operating conditions, isc-octane showed either the greatest im- 
provement or the least deterioratíon. 

However, when an attempt is made to compare the results 
of nef, 8 and of this investigetion, ceution must be taken. The 
variation of engine speed, inlet tempereture, and edtition of 
tetra-ethyl leac are only superficial measurements of the situa- 
tion. Thus, until the pressure-tamperature-tims history of the 
unburneé charge is known for both sets of resulta end used as a 
basis of ecmparison, the oniy ceneiusion to be made le that the 
three fuels, triptene, Ci-iso-butylene, and ethyl benzene show 
amarked family similarity both in the results of this investiga- 
tion and those of Nef. &. 

It was found in the investigation that ethyl benzene is 
difficult end dangerous to handle and operate in the engine, In 
addition, the ethyl benzene readily attacks neoprene and lucite. 
It was also known that ¿1-1s0-butylene 13 not reliably stable 


for prolonged stornge. 
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CONCLUSICHS 


results of this investigation give the following con- 


All four fuels tend to detonate more as: 

(a) The inlet manifold pressure is increased. 
(b) The imep is increased. 

(e) The ecompression ratio is increased. 
Iso-octane is the most sensitive to changes in 
inlet manifold pressure and ішер. 

Triptene, di-iso-butylene, and ethyl benzene 
have approximately the same sensitivity to changes 
in inlet manifold pressure and imep. 

Triptane із superior to the other fuels in anti- 
detonation characterlatics. 

Triptane, di-iso-butylene and ethyl benzene show 
a markeó femíly similarity in their detonntion 


characteristics. 
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Appendix "B" 


SAMPLE CALCULATIONS 


2 I 
а. Inlet manifold pressure, Pz , inches oí Mercury. 
a ๐ - Po mm. he. 
АР. in. hg. 
ІП 


р 
РУЖЕ E and curve of Fig. Т2, 


Columns (1) to (6) 


Example, run 2. 
Р. = 50.0= + 20,2 
Р = 20.0) = 52.0 in. he. 


ETC 


ЕП ліг consumption, . 


M. = 1.995 ป 5 ร ธ 
T, 


Б 


Г> 


EE (1055.4 75 


Columns (7) to AD 


ү 
mm le, run 2. 
2 


P 52.4 29.8 22.6 


Мо = 1.39 = 1.095 — lbs./min. 
- 


S> 2 спа сое ог Fig. 12. 


} 


С. Wuel-air ratio Fk. 
F/A = We / К. 


Columns à , (4) to 
а 


Шор е, гип 


FA = 22755 - Ш/1.50 





р. Шер 
bmep — 4.25 f 
І 7-20 -- «ГЕО -+ 55 
imep = ¿(bmep, (pe. T) 


Columns PED 
บ ГИП. =. 


O 


f = 39.57 = 20 + .T225x9.°oT7 + 12.4 
umep = 161.00 =, р81 


mep Ema - $ (167.8) psi 


Table I! 
Computation of imep. 


imep _ area of diagram, sq. in. X 
lenzth of diagram, іпспәв 


ішер - area x 200/5 = 40 x area of diagram 
Example, run 20. 


imep = 40 x area — 40 ,x 1.95 = 78 psi 














APPENDIZ "C" 
DETERMINATION OF INTAKE MANIFOLD PRESSURE 
AND AIR CONSUMPTION CORRECTIONS 

At the conclusion of tbe di-iso-butylene test, run 18, 
the periodic check of manometer leads showed e small hole in 
the tubing of the negative pressure water manometer, one of 
the vaporization tank manometers on a common Y correction, 
Fig. 3. This particular manometer was not used during the 
tests; but such e leak would bleed off fuel-air mixture and 
also produce an error in the cther manometer that was on the 
common Y connection and measured AP, . Consequently, e plot 
of air consumption TN against imep was made for runs 15 to 
18 ín Fig. 10, This curve inédiecateé that the leak hed been 
present throughout these runs. A series of check runs wus 
made, runs 20 to 23, with the same fuel but without the leak. 
The operating conditions were the same as in the first set of 
runs, runs 15 to 18. The correction of the leak changed the 
alr consumption, the inlet manifold pressure manometer read- 
ing, AP,, and the bmep as shown in Table I. This second set 
of runs was plotted in Fig. 10, end produced the desired streilgnt 
line function between air consumption and imep thet indicated a 
correct measurement of engine intake conditions. In Fig. 10, 
at constant imep, the difference between the curve of the first 
set of runs (K, vs INE?) and the curve of the second set of runs 
(ษ์ .. vs IMEP) wes the error in air consumption caused by the 
leak. 


os гіларты. 


[ 1  > 0 S 
ขะ ง เว ร ะ ณะ 202 WITT UTA NA 





«ВЕ mun ,18 จ 4 แล ด ง ๆ ุ ร ย ต ชอง -13 ค ย ภ TO ห แล ด ร ย ยก" efs ر.‎ 
AË olon Lia s awata лает ย ([ 6 ู 0 
^a 7 เ เ 1 тазан ошай: ed! Tu 10 
‚aulteoreoo Y nemane о GO ส า น รถ สม ส хый асіна 30%7 sdi 
edi 111 เ 1111 เ 1 .¢ at 
åns statis аЛа» бару то hantd Блок Жөні а doma tua агле? 
edi ๐ น ท” 3 ป 4 ร ๒ 7 ๓ ล ๐ ก ณะ 1 ๒๕ ๕ 0 พ ก ่ ง nl тетте ар ๑ ล ย 50 ญู ส ล 15 
бор 11 โ (1 ใ 1 ใ ื 0 
es ti емез тей абме re узы: Эва 1.4) ๒ ๐ 1 ศา ย เน ย พ ๐ tis To 
meet Ant 021 تو‎ ced) hea eve aid? Or At oi Ai 
Siw pawi Des To anlon à 8007 ฝ 
Желі «ші ردنس‎ fod feel ema, for 231% ES ot 0Е ашт bad 
то Tee 11023 әді al за ешле BOE ватт шаһ нес алізззеяоа өй? 
— Яөзі «47 Тг nolo off Ul о) $: вм дал 
“hamu SHP eman aumento 6046701058 7а1м1 aid ,пс/2жатекос tie 
ee Sunset «МҮ Г CMT с! un »^ Gand ent bee , 41 ,жа! 
1. เ +  < 1 1 3 3 wi бөзгеің азе зл/ч Үз 
а імгесінні Эа/л quA) Ge» - ้  - ั (๐ ง +( voll 
¿OL aei 02 алой іон exadrl wnbsze to )عوسصعحسی:‎ ۲۱۸(٣ 
Petit edt เภ เภ 1 von adt „qemi masanna f» 
anin te ¿sa 1 เ เ Te weyos xdi Xm. (EMI ev ,Й) адых Xo Tes 
вы 14 เ เ เ +1 เ ot versa 1 er „Ùi 
T 























ii 


To determine the effect of the leak on inlet manifolé 
pressure, P, (P, equals P, plus AP,) the first set of runs 
was plotted in Fig. 11 as inlet pressure against air consump- 
tion. This curve was then corrected for the air consumption 
error determined in Fig. 10 to produce a new curve (P, vs Ш,.). 


Тһе second set of runs was also plotted in Fig. 11 (P vs M,.) 


BIC. 
and is correct for both air consumption and inlet pressure. In 
Fig. 11, at constant air consumption, the difference between the 
eorrected curve of the first set of runs (P, vs M...) end the 
curve of the second set of runs (Р. тз М.) is the error in in- 
take manifold pressure. These two errors determined in Figs. 
19 ané 11 were then used to plot the correction curves of Fig. 
12, and the first set of runs 15 te 18 were corrected with this 
curve, | 

The question of how many runs were affected by the lesk was 
answered by plotting runs 1 to 14 for air consumption against 
imep. These runs showed a similer deviation from the straight 
line function, as was also shown by runs 15 to 18. Therefore, 
the errors due to the leak were present in the dets for runs 1 
to 14. The correction curves of Fig. 12 «еге сопвібегей applic- 
able and were used to correct the data of runs 1 to là, 

These errors in sir consumption for runs 1 to 18 indicatsä 
& possible corresponding error in fuel-eir mixture received by 
the engine. However, the location of the leak in the manometer 


line leading from the Y connection was in such a position rela- 
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tive to the engine intaks that et vaporization tank pressures 
sbeve atmospheric, completely mixed fuel end alr were bled 
eway from the engine inteke. This meent that neo error in fuel- 
alr ratio wes proéuced by the leak when P, wag @reater then 
30 inches of mercury. Fhen the vaporization tenk pressure was 
lees then atmospheric, the leak bied outside air ¢irectiy into 
the engine intake, thereby diluting the Tusl-air mixture. There- 
fore, when Р, was less than 20 inches of mercury, the fuel-eir 
ratio was less than the desired best power ratio. The result 
was that the curves of Figs. 8 und 9 for luc-octene, 61-180- 
butylene, and ethyl benzene have а small error in curvature at 
the end where P. is lese then 36 inches cf mereurr. 

sun epproximeticn of the correct curve for these inree fuels 
for best power fuel-eir retio was made by using the data point 
from run 19, which is at best power fueleair ratio, and eompur- 
ing the chencs in the curve from the corresponding diluted fuel- 
Gir ratio data point cf run 17 on Fig. 8. A similar correction 
was approximated for the curves of iso-octane and ethyl benzene 
and ie shown in Fig. 8 by a light curve for diluted fuel-air 
ratio and a heavy curve for best power fuel-air ratio for өзар 


of the three fuels. 
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